This paper presents the numerical models for the estimation of temperature drop in a low temperature separator and pressure drop in a horizontal pipeline.
Introduction
One of the problems in natural gas treatment at well site is the generation of hydrate. Therefore the technology of dehydration occupies the major portion of the technologies for the treatment of natural gas. In various equipments used for the purpose of dehydration, this paper focuses on a low temperature separator (L. T. S.) and tries to estimate the temperature drop in a low tempera ture separator by use of a numerical model, which assumes that the process of dehydration in the separator is based on the phenomena of adiabatic expansion.
Another problem in the surface facilities is the design of pipelines for the transportation of the produced natural gas. This paper also deals with the two-phase flow in a horizontal pipeline based on the theory of LOCKHART and MARTINELLI method" and tries to estimate the pressure drop by use of a numerical model, which can be utilized for the decision of inside diameter in designing pipelines.
Basic Theory
This section summarizes the basic theories and equations used in the numerical procedures for flash calculation, enthalpy calculation, and twophase horizontal flow.
Flash calculation
For a mixture of a known composition, it is possible to compute the distribution of the mixtures in two-phases at given conditions. For the calculations, it is assumed that all the vapor is in equilibrium with all the liquid at given temperature and pressure. 
where z=mole fraction of a component in the feed
The above equations are combined and solved for x; and y, as follows. The value of V, is obtained from V, as V, was obtained from V,. This calculation is repeated until the value of V converges to the correct value of V*, which satisfies z, (K4-1)/[V*(K4-1)+1]= 0. 2.1.a) Equilibrium constant Equilibrium constant, which is used in the flash calculations, is defined by Eq. (1) based on Raoult's and Dalton's laws. However, this definition cannot be applied to all mixtures at any pressure and temperature due to the applicable limit of Raoult's law. Therefore for the purpose of expanding the applicable range of the equilibrium constant concept, it was re-defined" based on the concept of fugacity instead of pressure, as follows. This section describes the calculation procedures of the numerical models for flash calculation which is used in other two models, the estimation of temperature drop in a low temperature separator, and the estimation of pressure drop in a horizontal pipeline considering GOR variation.
The numerical models for flash calculations are divided into two types, according to the method for the estimation of equilibrium constant, or K-value of each component in a mixture. The calculation procedure is as follows. In the first step fluid data are read. In the second step, parameters required for the calculations are read such as acentric factors, constants in Eqs. (25-2) and (25-3), critical temperatures, and critical pressures. In the third step, the estimation of fluid properties of heptanes plus fraction is performed. Among the methods in the section 2.1.b), Cavett method was selected because of its simplicity and reliability. In the fourth step, the initial K-value is calculated from Eqs. (25-1) through (25-3), assuming that y,=4,-1.0 in Eq. (24-1). In the fifth step, after the phase state is checked, moles of vapor and equilibrium liquid are calculated by use of Newton and Rapthon method. In the sixth step, mole fraction of each component in liquid and vapor phases is calculated. In the seventh step, y; and 0, are calculated from Eqs.
(26-1) through (27-7), using mole fraction of each component, x, and y,, obtained in the sixth step. In the eighth step, K-values for new components are calculated from Eqs. (24-1) through (25-3). K-value of heptanes plus fraction is also Well head and separator conditions are listed in Table 3 . The data of A gas field is from a test separator and the data of B gas field is from a separator for production. Table 4 lists the results of hydrocarbon analyses of produced well stream. Pipeline properties are listed in Table 5 . For the pipeline, seven cases of outlet pressure and flow rate of liquid were considered as shown in Table 6 , and pressure drop for each case was calculated. The examples calculated here are oil-gas system, however, this model can also be applied to natural gas-liquid system. Experimental measurement for each case was also conducted and the results were compared with the calculated results. The results are shown in Fig. 6 . In this figure, two kinds of calculated results for each case are plotted. One is the calculated result obtained by taking account of GOR variation in the pipeline and the other is the calculated result obtained by assuming that GOR in the pipeline is constant. The plotted results have the tendency gathering around the solid line, on which calculated pressure , drops equal to measured pressure drops. Only from these results, however, the efficiency of taking account of GOR variation in the calculation of pressure drop in a horizontal pipeline is not cleared. (14) of hydrate and for the decision of an inside diameter of a horizontal pipeline in designing surface production facilities of natural gas.
